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OLIGOMER M-ISOPROPENYLPHENOL 

CROSS-REFERENCE‘ TO RELATED 
APPLICATION 

R 

wherein R and'R' are each a hydrogen atom or an alkyl 
group having 1 to 3 carbon atoms and n is a mean value 
satisfying the equation, 0<n§2, and also‘ provides a 
process for producing the above epoxy resin, which 

2 
comprisesreacting an oligomer of m-isopropenylphenol 
having a number average molecular weight of 270 to 
540,‘ and having the formulae (III) and/or (IV), 

- ' (‘3H3 (III-l3 (III) 
This [application is a division of application Ser. No. i H C.(_C__CH .)II__C __ ,CH 

909,785, ?led May ‘ 26, 1978,, now us. Pat. No. 3 2 r 2 
‘4,221,715. I " “ ‘ ‘ 

The present, invention relates to novel oligomers of y 'C 
m-isopropenylphenol'and‘ to their preparation. 10 ' EH 

Inpgeneral, epoxy resins are widely used in paints, HO HO I 3 
adhesives, civil engineering and construction industry, ‘ 0“ 
electric appliances and the like because of their- chemi» ' ‘ CH CH ‘ (Iv) 
cal and physical properties, and are required to have 3 3 
properties such as heat resistance, high hardness, flexi- 15 H'sC'('C-CH2-)7|_."C -— CH2 
bility and rapid curability according to, the purposes of ' 
use. Since, however, epoxy resins which'meet all these 
characteristics at the sametime are not yet known, some ('3 
kinds of epoxy resin are mixed in suitable-amounts and ‘ ‘ CH3 
used.‘ For example, German Pat. No.‘ 1,004,168 and 20 H0 ‘ OH OH 
English Pat. No. 903,062 disclose epoxy resins resulting ‘ > 
from cyclic dimers of m- or p-isopropenylphenol, i.e. an - ' . - . . 

isopropenylphenol dimer having the so-called phenylin- 3126;321:1118 as de?ned above’ with an eplhalohydrm of 
dam structure at the end thereof. Japanese Patent Publi- ’ ' 
cationNo, 1,000/ 1974 discloses epoxy resins resulting 25 ' 
from polymers of vinylphenols such as isopro'penyl; If (v) 
phenol. The former resins are superior in ?exibility but R'—-cl-I-—c—-CH2-X 
still insufficient in heat resistance and rapid curability. \ / 

' The latter resins have the drawback that they are infe- 30 , ‘ 

£1131‘; 12316121211133, Smce they have no phenyhndane struc- wherein R and R-' are as de?ned above and X is a halo 

For the reasons as described above, the inventors g6.“ atom’ m. the Presence 9f an alkaline compound’ the 
extensively studied to develop epoxy resins which sat- lelpglighydrrolg bgytghéliel? gnzrmoles or more per one 
isfy heat resistance, ?exibility, rapid curability and y y g p . g e ' . . 

, other properties at the same time, and besides which are 35 An epoxy eqmvalem of the pres?m epoxy resm IS 190 

superior in these properties to known epoxy'resins. As a to m_.so to en 1 he 01 on O ers e r‘ m d b 
result, it was found that epoxy resins having a speci?ed h f 11 p Hp y p a‘, gbm r p ese e 1 y 
structure which are produced from m-isopropenyl- t e .onim ae ( l) and (I ) can 8 produced by p0 y‘ 
phenol oligomers having a phenylindane structure at ' menzatlon 9f m'lsppropenylpheml‘ For.the purpose.“ 
the end, are very useful for the aforesaid purposes. 40 the present mventlon, the oligomers havlng a phenylm 
The present invention provides an epoxy resin of the dane structure at the end and a number average molecu 

formulae (I) and/or an , ‘ lar weight of 270 to 540, preferably 300 to 500 are used. 

CH3 _ fHg (I) 

cH3-(-c—CH2-),,._——.——C — CH2 , 

c 
R R I‘ 
| I CH3 R 

R’—CI-I-—C_-CH2—O R’—CH—C-CH2-O l , , 

\ / \ / v 0—CH2—C-——Cl-'I-—R \ / 

CH3 CH3 (II) 

cii3-(-c‘-—c1-12‘-),,‘—'——-c‘—.-—v CH2 

‘f 
CH3 R 

As a polymerization process for producing such oligo 
mers satisfying these requirements, thermal polymeriza 
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tion which is carried out at 140° C. or more, preferably 
160° to 240° C., in the absence of a solvent, is advanta 
geous industrially. The oligomers can also be obtained 
by polymerization with a catalyst under suitable condi 
tions such as polymerization temperature and the 
amount of catalyst to control the molecular weight, but 
a troublesome after-treatment of catalyst is necessary, 
and moreover the resulting oligomers tend to become 
poor in color. 

In the thermal polymerization, use of solvents or a 
reaction temperature below 140° C. lowers the yield of 
the objective oligomers. It is accordingly desirable to 
carry out the polymerization at 140° C. or more in the 
absence of a solvent. Further, the oligomers having a 
good color are obtained by carrying out the polymeri 
zation in an atmosphere of inert gas such as nitrogen 
gas. It matters little that small amounts of high molecu 
lar weight components are produced as by-products in 
the thermal polymerization. 
As the epihalohydrin used in the present invention, 20 

there may be mentioned epichlorohydrin, B-methylepi- _ 
chlorohydrin, l-chloro-2,3-epoxybutane, 1-chloro-2,3 
epoxypentane, l-chloro-2,3-epoxyhexane, l-bromo-2,3 
epoxypropane, 1-bromo-2-methyl-2,3-epoxypropane, 
l-bromo-2,3-epoxybutane and mixtures thereof. Partic 
ularly, epichlorohydrin is preferably used. 
The resins of the present invention can be produced 

by reacting the aforesaid m-isopropenylphenol oligo 
mer with the epihalohydrin according to the usual 
method, for example, disclosed in literature “Epoxy 
Resins” by Hiroshi - KAKIUCHI (published from 
sh6k'6-d6). That is, the resins can-be produced by add 
ing an alkaline compound (e.g. lithium hydroxide, so 
dium hydroxide, potassium hydroxide, lithium chloride, 
tetra-methylammonium chloride, benzyl tri-methylam 
monium chloride, sodium carbonate), after the atmo 
sphere is replaced by nitrogen gas if necessary, to a 
mixture of m-isopropenylphenol oligomer and the epi 
halohydrin or a solution of the mixture in a water-solu 
ble solvent (e.g. acetone, methanol, ethanol, isopropa 
nol, secbutanol, n-butanol), and carrying out the reac 
tion at 20° to 120° C., followed by removal of water and 
sodium chloride as by-products. The epihalohydrin is 
used in such an amount that the number of the epoxy 
groups of epihalohydrin is at least 2, preferably 3 to 10, 
based on one phenolic hydroxyl group of the oligomer. 
When the epihalohydrin is used in an amount less than 
that de?ned above, desired resins arewnot obtained since 
high polymers are produced whereby the epoxy equiva 
lent exceeds 300. The aforesaid alkaline compound is 
generally used in a stoichiometric amount to the pheno 
lic hydroxyl group or in a somewhat excessive amount 
thereto. The epoxy resins thus obtained are an almost 
semi-solid, pale yellow, highly viscous liquid at room 
temperature and have an epoxy equivalent of 190 to 
300. 

In the present invention, m-isopropenylphenol oligo 
mer may be replaced by a mixture of m-isopropenyl 
phenol oligomer and other suitable polyhydric phenols 
such as bis(4-hydroxyphenyl)dimethylmethane, bis(4 
hydroxyphenyl)methane, resorcin, hydroquinone and 
novolak resin. The epoxy resins of the present invention 
may be used, if necessary, in combination with other 
well-known epoxy resins such ‘as polyglycidyl ethers of 
polyhydric phenol or polyhydric alcohol, epoxidized 
fatty acids or their derivatives, epoxidized diene poly 
mers, cyclohexene epoxide derivatives and cyclopenta 
diene epoxide. . 
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4 
The resins of the present invention are preferably 

used in paints, construction industry and civil engineer 
ing, adhesives, electric appliances and the like by curing 
them with amines, amide amines or carboxylic anhy 
drides. ‘ 

Curing of the resins is the same as that of the common 
bisphenol A series epoxy resins. That is, the resins of the 
present invention can be cured with aliphatic amines 
(e.g. ethylenediamine, diethylenetriamine, triethylene 
tetramine), alicyclic amines (e.g. piperazine), aromatic 
amines (e.g. phenylenediamine, diaminodiphenylmeth 
ane, diaminodiphenylsulfone), polyamine derivatives 
(e.g. cyanoethylated polyamines, glycidyl ether/polya 
mine adducts), polyamides (e. g. dimer acid/diamine 
condensates), polyamides having an active amino group 
(e.g. dicyandiamide), polybasic carboxylic acids (e.g. 
phthalic acid, maleic acid, fumaric acid, trimellitic acid, 
oxalic acid, citric acid, pyromellitic acid, malonic acid, 
succinic acid, adipic acid, sebacic acid, tetrahydroph 
thalic acid. hexahydrophthalic acid, nadic acid, methyl 
nadic acid, Het acid) or acid anhydrides thereof, Frie 
del-Crafts type metal halides, phenol/formaline initial 
condensates, methylol group-containing compounds 
(e.g. methylol urea) and the like. The resins of the pres 
ent invention may be modi?ed by reaction with the 
usual epoxy modi?ers. 
The present invention will be illustrated in more de 

tail with reference to the following examples and appli 
cation examples, but the present invention is not limited 
to these examples. 

REFERENCE EXAMPLE 1 

(Production of m-isopropenylphenol oligomer) 
One hundred parts by weight of m-isopropenyl 

phenol was added to a reactor equipped with a ther 
mometer and a stirrer, and the reaction system was kept 
at 180° C. with stirring. After 10 hours, the system was 
distilled at 160° C. under reduced pressure of 5 mmHg 
to remove unreacted m-isopropenylphenol. Thus, 82 
parts by weight of a pale yellow solid having a softening 
point of 85° C. [oligomer (1)] was obtained. 
By the analysis of the oligomer (I), the following 

results were obtained: 
A number average molecular weight was 348. 
By infrared absorption spectrum, it was found that 

the oligomer had the absorption band of a phenolic 
hydroxyl group at 3350 cm—1 like m-isopropenyl 
phenol. The acetylated product of the oligomer was 
separated into two components supposed as a dimer by 
thin layer chromatography, and both of the two compo 
nents proved to have a molecular weight of 352 by mass 
spectrum. Further, both of the two components proved 
to have’ no ole?nic double bonds and to have the same 
structure as 1,3,3-trimethyl-l-phenylindane derivatives 
by nuclear magnetic resonance spectrum. 
By the l3'C-nuclear magnetic resonance spectrum, the 

two components were identi?ed as 1,3,3-trimethyl-1-m 
hydroxyphenyl-indane-S-ol and 1,3,3-trimethyl-l-m 
hydroxyphenyl-indane-7ol, respectively. 
By gas-chromatography, it was found that the weight 

ratio of former component to latter one was about 65 to 
35. 

Further, the same analytical results were obtained 
with trimer components or more. Thus, the oligomer (I) 
was identi?ed as a mixture of oligomers having the 
following formulae, respectively (weight ratio, about 
65:35), 
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l 

r a c 

l 
CH3 

HO ‘ HO , 

CH3 

and 

f, on, r 

’ (‘1H3 , CH3 

CH31-c-CH2-m——c —— CH2 > 

. ‘ HO OH 

REFERENCE EXAMPLE-12m ‘ i 

‘ (Production of m-isopropenylphenol oligomer)’ 
The polymerization was carried out in completely the 

same manner as in Reference‘ example 1 except that the 
'reaction system was kept at ‘210° C. for 8 hours. Thus, 
95 parts by weight of a pale yellow solid having a soft 
ening point of 94° C. ‘was obtained [oligomer (II)]. 
By the analysis of the oligomer (II), the oligomer (II) 

proved to have a number average molecular weight of 
430 and it was identi?ed as a mixture of oligomers hav 

.20 

10 

6 
EXAMPLES 1 TO 5 

‘(Production of resin) 
A reactor was equipped with a thermometer, stirrer, 

dropping funnel and apparatus for condensing an azeo 
t'ropic‘mixture of epihalohydrin and water and return 
ing the separated epihalohydrin layer to the reactor. To 
the reactor were added various kinds of m-isopropenyl 
phenol oligomer and epihalohydrin ‘in proportions 
shown in Table 1. The mixed solution was heated under 
re?ux, and 87.5 parts by weight of 48% aqueous sodium 
hydroxide solution was added dropwise thereto over 
3.5 hours. The rate of addition of the aqueous solution 
and heating of the reactor were adjusted‘ to keep the 
temperature of the reaction system at 97° to 119° C. In 
the course of the reaction, water and epihalohydrin 

' ‘ " were distilled off the reactor, and the separated epihalo 
hydrin layer alone was returned to the reactor. After 
addition of the aqueous sodium hydroxide solution was 

. ?nished, heating of the reaction system was continued 
a for a further 15 minutes to remove water completely. 

25 

ing the following formulae, respectively (weight ratio, I 
about 70:30), 

CH3 CH3 
| a p 

(I? and . 

, . .. CH3 . . , HO HO . - >. > 

50 

Thereafter, unreacted epihalohydrin was removed by 
‘ distillation. In order't'o facilitate the separation of so 
dium chloride from the crude product, about 100 parts 
by weight of toluene was added to dissolve the crude 
product, and then the solution was ?ltered to remove 
sodium chloride. Finally, the ?ltrate was heated to 150° 
C. under reduced pressure of 20 mmHg to distill off 
toluene completely. Thus, .]a pale yellow, highly viscous 
liquid was obtained. ‘ 

TABLE 1 
Feed amount 

'Epoxy 
. group/ 

Ex- m-Isopropenyl- phenolic 
am_- ‘phenol oligomer Epiltalohydrin hydroxyl 
ple (part by weight) (part [by weight) group 
1 Oligomer (I), 134 Epichloro- 463 5 

, ‘ ‘ hydrin _ 

2v Olig‘omer (I), 134 Epichloro- 648 7 ‘I 
1 hydrin ' i ' 

3 Oligomer (I), 134 Epichlloro- 185 2 
hydrin 

4 Oligomer (II), 134 Epichlloro- 463 5 
, hydrin _ 

5 Oligomer (I), 134 B-Methylepi- 533 5 
chlorohlydrin 

In the above-described examples, the resins, No. l to 
No.‘ 3, are‘each a mixture of the following two com 
pounds (weight ratio, about 65:35), 

CH3 

O-CI-h-CH-CHZ 
\ / 

“and 
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-continued 
CH3 CH3 

? 
CH3 

C{2_7cH_CH2_0 O—CH2—CH—-CH2 
cH2-—cH—cH2-o \ / 

0 

The resin, No. 4, is a mixture of the following two TABLE 2 
compounds (weight ratio, about 70:30), 

CH3 CH3 

CH3 

Also, the resin, No. 5, is a mixture .of the following 40 Resin N°' 1 N°‘ 2 NO‘ 3 N°' 4 No‘ 5 
two compounds (weight ratio, about 65:35), EPOXY equivalent 

‘f CH CH . 

3 3 CH3 CH3 
CH —-C—CH —0 CH ——C—CH —-0 
\2 / 2 ' \2 / 2 O—CH2—C CH2 
0 o \ / 

and 

CH3 CH3 

CH3+C_CH2')UF'_C _' CH2 

0 
CH3 l 

CH3 CH3 
CH -——C—CH —0 CH3 
\2 / 2 l o-cx-n-c CH2 

CH2—C—CH2—O \O/ 
10 

(g/equiv.) 213 215 296 220 231 
. . . . H drol zable 

The physical properties of these resins are shown in damn: , Q03 0.02 004 002 Q05 
Table 2. (weight %) 
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TABLE Lcontinued The process of claim 3 wherein thermal polymeri 
zation 1s carried out at a temperature of 140 to 240 C. 

Res'“ N°' 1 N°' 2 N°' 3 No‘ 4 No‘ 5 5. The process of claim 3 wherein said thermal poly 

Number “6138c merization is additionally carried out in the absence of a 
molecular weight 508 510 690 609 530 

5 solvent. 
6. A process for producing an oligomer of m-iso 

propenylphenol having a number average molecular 
APPLICATION EXAMPLE 1 weight of about 270 to about 540, and having the formu 

To each of the resins obtained in Examples 1, 3, 4 and lae 
5 were added methylnadic anhydride (a hardening 10 
agent, referred to as “MNA” hereinafter) and benzyl- CH3 CH3 
dimethylamine (a cure accelerator, referred to as “BD” ' 
hereinafter) in stoichiometric amounts. The mixture H3CTC—CH2_7"_C CH2 
was heated, and the gel time and the physical properties ‘ I 
of the products which were hardened at 80° C.><2 l5 . ('3 
hours, 120° C.><2 hours and further 150" C.><2 hours . ’ CH3 
were measured according to J IS K 6911. I H0 HO OH 
For comparison, the same tests were carried out using ' 

Sumi-epoxy ELA-128 (a' trade name. of Sumitomo ‘ ' and/0r 
Chemical Co., Ltd.: bisphenol A type epoxy resin hav- 20 ‘ 
ing an epoxy equivalent of 190), and an epoxy resin (EH3 CH3 
having an epoxy equivalent of 218 which is produced H3C-(-C-—-Cl-I2-),,—C——-CH2 
from m-isopropenylphenol dimer in the same manner as v v | 
in Example. 1. - c 

' These results are shown in Table 3. 25 ~ (EH3 

TABLE 3 H0 ' OH OH 

Present example Comparative example 
Application example 1 2 3 4 5 6 

Epoxy resin used No. 1 No. 3 'No. 4 No. 5 Sumi-epoxy Epoxidized 
. ELA 128 product of 

dimer 
Feed amount Epoxy resin 100 100 100 100 100 100 
(part by MNA/BD 71/1 53/1 71/1 68/1 82/1 71/1 
weight) ' . 

Gel time (at 150° C.) 4'17" 4'01" 4'02" 4'20" , 5'46” 5'30" 
Gel time (at 130+ C.) ‘ 10'20" 9'40" 9'59" 10'33" 13'00” 12'45" 

Heat distortion temperature 130 124 135 127 111 118 
“C. > ‘ 

Physical i'larzlness (barcol) 45 43 49 44 37 39 
properties Flexural strength (kg/cm2) 16.8 16.5 18.0 16.7 16.1 16.4 
of Flexural modulus (kg/cmz) 365 350 380 365 350 352 
hardened Rate of ?exural bending 0.101‘ 0.140 0.096 0.109 0.086 0.093 
product (mm/mm) ' 

Sharpy impact strength I 4.3 i 6.1 4.2 4.3 3.3 3.8 
(kg . cm/cmz) 

45 

What is claimed is: wherein n is a mean ' value ‘satisfying the equation 
1. A process for producing an oligomer of m-iso- o<n§2 

propenylphenol which comprises subjecting m-iso- 50 comprising subjecting m-isopropenylphenol t0 ther 
propenylphenol to thermal polymerization in the ab- ' mal polymerization in the absence of a catalyst. 
sence of a catalyst. ‘ 7. The process of claim 6 wherein said thermal poly 

2. The process of claim 1, wherein thermal polymeri- merization is carried out at atemperature of 140° to 240° 
zation is carried out at a temperature of 140° to 240° C. C. 

3. A process for producing an oligomer. of m-iso- 55 8. The process of claim 6 wherein said thermal poly 
propenylphenol having a terminal phenylindane struc- merization is additionally carried out in the absence of a 
ture which comprises subjecting rn-isopropenylphenol solvent. 
to thermal polymerization in the absence of a catalyst. * * * * * 

60 

65 


